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(57) Abstract 

A twin sheet plastic panel structure (10), a twin sheet plastic pallet utilizing the panel structure, and a methodology for forming the 
panel structure and pallet The panel structure (10) is formed by meimofonning an upper plastic sheet (14) to include rows of hollow bosses 
extending downwardly from the sheet; mermoforming a lower plastic sheet (16) to include rows of hollow bosses extending upwardly from 
the sheet; and bringing the sheets together while still in a heated flowablc state to position the bosses of the upper sheet in intenneshing 
relation to the bosses of the lower sheet so that the annular side wall portions of the upper and lower bosses fuse together, the bottom walls 
of the upper sheet bosses are fused to the upper surface of the lower sheet, and the upper walls of the lower sheet bosses are fused to the 
lower surface of the upper sheet 
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PANEL STRUCTURE AND PALLET UTILIZING SAME 

packaround of the I nvention 

This invention relates to panel structures and to 
plastic pallets embodying panel structures according to the 
5 invention. 

Panel structures are in wide use for construction 
purposes and fabricating purposes. Prior art panel 
structures have been formed of either metal, a paper 
product such as cardboard, wood, or synthetic materials 

10 such as plastic. Panel structures ideally are 

lightweight, strong, durable and maintenance-free, provide 
all-weather performance, and are relatively inexpensive. 
Whereas a plurality of metal, paper, wood, and plastic 
panel structures have been proposed over the years, none 

15 have totally satisfied all of the above-noted criteria. 

Panel structures are also widely used in 
packaging and, specifically, in the formation of pallets. 
Pallets have traditionally been formed of wood. Wood 
pallets, however, have many disadvantages. For example, 

20 they are subject to breakage and thus are not reusable over 
extended periods of time. Wood pallets also take up a 
considerable amount of valuable floor space in the 
warehouse when they are not in use. 

In an effort to solve some of the problems 

25 associated with wood pallets, plastic pallets have been 
developed and employed with some degree of success. In one 
generally successful form of plastic pallet design, upper 
and lower plastic sheets are formed in separate molding 
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operations and the two sheets are then selectively fused or 
knitted together in a suitable press to form a reinforced 
double wall or "twin sheet" structure. These twin sheet 
plastic pallets, although substantially more durable than 
5 the wooden pallets that they replace, tend to have a 
substantially higher initial cost than the corresponding 
wooden pallets due in large part to the relatively high 
cost of the raw plastic material required to form the 
pallet. It is therefore critical that the twin sheet type 

10 of pallet embody a structural design that maximizes the 
structural strength of the pallet for a given amount of 
plastic material employed to form the pallet. One form of 
twin sheet type plastic pallet that provides high 
structural strength for a given amount of plastic material 

15 is shown in applicant's United States Patent No. 4,879,956. 
However, even the improved design of this patent is unable 
to provide the necessary rigidity required for many pallet 
applications without utilizing increased amounts of plastic 
material and thereby adding to the expense of the pallet. 



20 Summary of the I nvention 

The twin sheet panel structure of the invention 
comprises a first plastic sheet including a planar main 
body portion having inner and outer surfaces and a second 
plastic sheet positioned in parallel spaced relation to the 

25 first plastic sheet and including a main body portion 
having inner and outer surfaces. The first sheet further 
includes a plurality of spaced hollow bosses opening in the 
outer surface of the first sheet main body portion and 
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including annular side wall portions extending inwardly 
from the first sheet main body portion and terminating in 
inner wall portions fused in spaced relation to the inner 
surface of the main body portion of the second sheet , and 
5 the second sheet further includes a plurality of spaced 
hollow bosses opening in the outer surface of the second 
sheet main body portion and including annular wall portions 
extending inwardly from the second sheet main body portion 
and' terminating in inner wall portions fused in spaced 
10 relation to the inner surface of the first sheet main body 
portion. 

According to an important feature of the 
invention, the annular side wall portions of some of the 
first sheet bosses are fused to the annular side wall 

15 portions of some of the second sheet bosses . The fused 
together annular side wall portions of the first and second 
sheets coact to provide an extremely rigid panel structure 
for a given amount of plastic material. 

According to a further feature of the invention, 

20 the first sheet bosses are arranged in rows with the bosses 
in each row laterally spaced from each other and the second 
sheet bosses fit into the spaces between the first sheet 
bosses. The positioning of the first sheet bosses between 
the second sheet bosses, with the first sheet bosses fused 

25 to the second sheet and the second sheet bosses fused to 
the first sheet , provides an extremely rigid panel 
structure for a given amount of plastic material. 

According to a further feature of the invention, 
the bosses are arranged on each sheet in a plurality of 
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generally parallel laterally extending rows with the bosses 
in each row spaced laterally from each other, and the 
bosses in a row of the first sheet are interdigitated with 
respect to the bosses in a corresponding row of the second 
5 sheet with the adjacent side wall portions of the 
interdigitated bosses fused together. This arrangement has 
the effect of forming a plurality of rigid column 
structures between the sheets corresponding to the rows and 
produces an extremely rigid panel structure for a given 

10 amount of plastic material. 

In the invention plastic pallet, the pallet 
comprises a twin sheet platform structure formed in 
accordance with the above-noted features of the invention 
panel structure and the pallet further includes a plurality 

15 of spaced legs extending downwardly from the platform 
structure to position the platform structure in upwardly 
spaced relation to a support surface on which the legs are 
positioned. 

The invention also provides a methodology for 
20 forming an improved panel structure as well as a 
methodology for forming an improved pallet structure. 

Brief Description of the Drawings 

FIGURE 1 is a perspective view of a panel 
structure according to the invention; 
25 FIGURES 2 and 3 are cross-sectional views taken 

respectively on lines 2-2 and 3-3 of FIGURE 1; 

FIGURE 4 is a fragmentary view looking in a 
direction of the arrow 4 in FIGURE 1; 



£V() 94/14667 2151735 PCT/US93/12376 

- 5 - 

FIGURE 5 is a fragmentary view showing steps in 
the methodology of the present invention; 

FIGURE 6 is a fragmentary view on an enlarged 
scale looking in the direction of the arrow 6 in FIGURE 1 
5 FIGURE 7 is a fragmentary plan view of the 

invention panel structure; 

FIGURE 8 is cross-sectional view taken on lines 

8-8 Of FIGURE 6; 

' FIGURE 9 is an exploded view of the invention 

10 panel structure; 

FIGURE 10 is a perspective view of a pallet 
according to the invention; 

FIGURES 11 and 12 are cross-sectional views taken 
respectively on lines 11-11 and 12-12 of FIGURE 10; 
15 FIGURE 13 is a perspective view of a double 

faced pallet according to the invention; 

FIGURE 14 is a fragmentary side view of the 
pallet of Figure 13; 

FIGURE 15 is a cross-sectional view taken on line 

20 15-15 of Figure 15; 

FIGURE 16 is a perspective view of another double 
faced pallet according to the invention; 

FIGURE 17 is a fragmentary side view of the 

pallet of Figure 16; 
25 FIGURE 18 is a cross-sectional view taken on line 

18-18 of Figure 16; 

FIGURE 19 is a fragmentary top view of the 
pallet of Figure 16; 
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FIGURE 20 is a perspective view of a further 
panel structure according to the invention; 

FIGURES 21 and 22 are cross sectional views taken 
respectively on lines 21-21 and 22-22 of Figure 20; 
5 FIGURE 23 is a fragmentary view looking in the 

direction of the arrow 23' in Figure 10; 

FIGURE 24 is a fragmentary view on an enlarged 
scale looking in the direction of the arrow 24 in Figure 
10;' 

10 FIGURE 25 is an exploded view of the panel 

structure of Figure 20; 

FIGURE 26 is a fragmentary plan view of a 
modification of the panel structure of Figure 20; 

FIGURE 27 is a cross sectional view taken on line 
15 27-27 of Figure 26; 

FIGURE 28 is a fragmentary plan view of a 
further modification of the panel construction of Figure 
20; 

FIGURE 29 is a cross sectional view taken on line 
20 29-29 of Figure 28; and 

FIGURE 3 0 is a cross sectional view taken on 
line 30-30 of Figure 29, 

Detailed Description of the Pre ferred Embodiments 

In broad overview, the panel structure 10 seen in 
25 Figures 1-9 and the pallet seen in Figures 10-12 are both 
preferably formed in a vacuum forming process preferably 
embodying a plastic twin sheet construction employing two 
polyethylene sheets or skins which are selectively 
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thermoformed and are then fused or knitted together at 
various points, while still in a heated state, to form the 
panel structure or the pallet. 

Panel structure 10 is formed from a thermoformed, 
5 selectively configured upper sheet 14 and a thermoformed, 
selectively configured lower sheet 16. In the disclosed 
panel structure, each sheet 14 and 16 has a generally 
rectangular configuration but the configuration of the 
sheets will of course vary depending upon the desired 
10 configuration of the final panel structure. 

Sheet 14 is formed in known manner in coaction 
with an upper vacuum forming mold 18 and sheet 16 is formed 
in known manner in coaction with a lower vacuum forming 
mold 20. Specifically, sheet 14 is heated, positioned in 
15 underlying relation to the mold 18, and then sucked 
upwardly into conformance with the surface 18a of the mold 
18 utilizing vacuum ports 18b. Similarly, sheet 16 is 
heated, positioned in overlying relation to mold 20, and 
sucked downwardly into conformance with the surface 20a of 
20 mold 20 utilizing vacuum ports 20b. After the sheets have 
been thus thermoformed, and with the sheets still in a 
heated flowable state, the molds 18 and 20 are moved 
together to selectively fuse the upper sheet to the lower 
sheet. 

25 Molds 18 and 20 are configured such that, 

following the thermoforming operation, each sheet includes 
a generally planar main body portion and a plurality of 
spaced hollow bosses extending from the planar main body 
portion. 
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Specifically, upper sheet 14 is thermoformed to 
include a generally planar main body portion 14a and a 
plurality of spaced hollow bosses 14b opening in the upper 
or outer surface 14c of the main body portion and including 
5 downwardly tapering conical annular side wall portions 14d 
extending downwardly from the main body portion and 
terminating in inner or bottom circular wall portions 14e. 
Bosses 14b are arranged in rows 14 f with each row staggered 
with respect to the next adjacent row so that the bosses in 

10 one row are positioned generally between adjacent bosses in 
adjacent rows. 

Similarly, lower sheet 16 is thermoformed to 
include a main body portion 16a and a plurality of spaced 
hollow bosses 16b opening in the lower or outer surface 16c 

15 of the main body portion and including upwardly tapering 
conical annular wall portions 16d extending upwardly from 
the main body portion 16a and terminating in upper or inner 
circular wall portions 16e. Bosses 16b are arranged in 
rows 16 f with each row staggered with respect to the next 

20 adjacent row so that a boss in one row is positioned 
between adjacent bosses in an adjacent row. 

Rows I6f are also staggered with respect to the 
corresponding rows 14 f in the upper sheet so that when the 
sheets 14 and 16 are fitted together to form the panel 

25 structure, each boss 14b of upper sheet 14 fits 
interdigitally between a pair of adjacent bosses 16b of the 
lower sheet and each boss 16b of the lower sheet fits 
interdigitally between a pair of adjacent bosses 14b of the 
upper sheet. The downward angle or taper of the bosses 14b 
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is complementary to the upward angle or taper of the bosses 
16b so that when the bosses are fitted or meshed together, 
and as best seen in Figure 2, the bosses fit together along 
angular interfaces 22. 
5 Since the sheets are fitted together while still 

in a heated, flowable state, the bosses are fused together 
along their angled interfaces 22. Further, since the 
bosses 14b and 16b have equal vertical extents or heights, 
the' respective walls 14e and 16e of the bosses are fused to 
10 the respective confronting faces of the main body portions 
of the respective sheets. Specifically, the lower or inner 
wall 14e of an upper sheet boss 14b is fused to the upper 
surface 16g of lower sheet main body portion 16a at a 
location between a respective pair of lower sheet bosses 
15 16b, and the upper or inner wall 16e of a lower sheet boss 
16b is fused to the lower or inner surface 14g of upper 
sheet main body portion 14a between a respective pair of 
upper sheet bosses 14b. 

As best seen in Figure 5, the sheets are 
20 configured such that bosses 14b and 16b have identical 
configuration and further such that the dimension A 
measured across the valley or root of the upper mold 18 
between adjacent mold boss configurations 18c is identical 
to the dimension B measured across the top of the boss 
25 configuration 20c of the lower mold. This configuring of 
the upper and lower molds provides an interference or 
overlapping fit as between the upper and lower bosses as 
the sheets are pressed together so that the upper and lower 
bosses, rather than merely fusing along a line of angular 
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contact, fuse along a relatively wide area of contact as 
seen by the dashed lines 24 in Figure 8. As best seen in 
Figure 8, the fused together bosses coact to form a 
plurality of rigid column structures 26 between the upper 
5 and lower sheets corresponding . * in arrangement and 
orientation to the boss rows l.4f and 16f of the upper and 
lower sheets. As best seen in Figure 4, spaces or openings 
28, running the entire width of the panel structure, are 
formed between rigid column structures 26. 

10 Whereas the dimensions of the individual bosses, 

the spacing between successive bosses in each row, and the 
spacing between rows will vary depending upon the 
particular application for which the panel structure is 
intended, certain dimensional relationships as between the 

15 boss configurations, boss spacings, and row spacings have 
been found to be particularly advantageous in terms of 
producing an extremely strong panel structure for a given 
amount of plastic material. Specifically, and as best seen 
in Figures 6 and 7, a particularly strong panel structure 

20 is provided by relating the boss and other dimensions to 
the overall thickness X of the panel structure such that 
the major dimension of each boss (i.e., the dimension of 
the boss as it opens .in the associated main body structure) 
is equal to X; the minor dimension of each boss (i.e., the 

25 dimension of the boss at its inner wall) is equal to one 
half X; the distance centerline to centerline between 
successive bosses in each row is equal to 1.5X; and the 
distance centerline to centerline between adjacent rows is 
equal to 1.5X. This specific dimensional interrelationship 
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has been found to allow the sheets to draw smoothly, and 
without excessive thinning, over the respective molds to 
provide a final panel structure that is extremely strong 
and rigid in comparison to the amount of plastic material 
5 utilized. 

The pallet 12 seen in Figures 10-12 utilizes a 
panel structure corresponding ' to the panel structure 10, 
and is formed in a manner generally similar to the 
formation of panel structure 10, except that the upper and 
10 lower sheets of the twin sheet pallet are further 
selectively thermo formed to provide spaced legs extending 
downwardly from the main body or platform structure of the 
pallet to position the platform structure in upwardly 
spaced relation to a support surface on which the legs are 

15 positioned. 

Specifically, pallet 12 includes upper and lower 
plastic sheets 30 and 32; upper sheet 3 0 includes a main 
body portion 30a and a plurality of spaced hollow bosses 
30b opening in the upper surface 30c of the main body 

20 portion and including tapered conical annular side wall 
portions 30d extending downwardly from the upper sheet main 
body portion and terminating in inner or bottom circular 
wall portions 30e; lower sheet 32 includes a main body 
portion 32a and a plurality of spaced hollow bosses 32b 

25 opening in the lower surface 32c of the main body portion 
and including tapered conical annular side wall portions 
3 2d extending upwardly from the lower sheet main body 
portion and terminating in upper or inner circular wall 
portions 32e; the bosses in the upper sheet are arranged in 
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rows 3 Of with each row staggered with respect to the next 
adjacent row so that a boss in one row is positioned 
between adjacent bosses in the next adjacent row; the 
bosses in the lower sheet are arranged in rows 32f that are 
5 staggered with respect to each adjacent row in the lower 
sheet and are also staggered with respect to the 
corresponding rows in the upper sheet so that the upper and 
lower bosses fit together in intermeshing fashion in the 
manner described with respect to the panel structure 10; 

10 the intermeshed and fused together upper and lower sheets 
coact to define a platform structure 34 of the pallet 
including rigid column structures 40 extending across the 
platform structure; and the upper and lower sheets are 
further selectively thermoformed to define downwardly 

15 extending leg portions 30f and 32f which are fused together 
in nesting relationship as the sheets are brought together 
to define a plurality of spaced legs 36 extending 
downwardly from platform structure 34 to position the 
platform structure in upwardly spaced relation to a support 

20 surface on which the pallet is positioned. For example, 
for a nine-legged pallet, the upper and lower sheets are 
configured to define four corner legs 36, a further leg 36 
along each side edge of the pallet between corner legs, and 
a central leg positioned at the proximate midpoint of the 

25 pallet. The upper and lower sheets may be further 
configured to define edge portions 30g and 32g which are 
fused together as the sheets are brought together to form 
a peripheral bead 38 extending around the periphery of the 
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pallet and sealing off the interior of the platform section 
34. 

As with the panel structure, the relative 
dimensions of the bosses, the spacing between bosses in a 
5 given row, and the spacing between adjacent rows may vary 
depending upon the particular application for which the 
pallet is intended but, also as with the panel structure 
10, a particularly strong pallet structure for a given 
amount of plastic material has been found to result from a 
10 pallet in which the various parameters are related to the 
thickness X of the platform structure 34 such that each 
boss has a major dimension equal to X and a minor dimension 
equal to one half X; the distance between centerlines of 
successive bosses in each row is equal to 1.5X; and the 
15 distance between centerlines of adjacent rows is equal to 
1.5X. As previously noted with respect to panel structure 
10, these specific parameters have been found to provide a 
smooth draw or flow behavior of the plastic sheets as the 
plastic material is drawn over the bosses of the molds with 
20 minimum thinning of the plastic material even in the deep 
draw sections, and has been found to produce an extremely 
rigid pallet for a given amount of plastic material 
employed to form the pallet. 

The double faced pallet 50 seen in Figures 13-15 
25 utilizes a panel structure according to the invention to 
form the upper or platform section of the pallet and a 
. further panel structure according to the invention to form 
a flat lower base portion for the pallet on which the 
pallet may rest, and is further configured to define pillar 
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* structures interconnecting the upper and lower panel 
structures and also embodying the constructional features 
of the panel structure of the invention. 

Specifically, the double faced pallet 50 in 
5 Figures 13-15 includes an upper panel structure 52 
corresponding to the panel structure 10 of Figure 1, a 
lower panel structure 54 corresponding to the panel 10 of 
Figure 1 but having a lesser thickness than the panel 
structure 52, and a plurality of pillar structures 56 (for 

10 example nine, including four corner pillar structures, a 
pillar structure intermediate each pair of corner pillar 
structures, and a central pillar structure) interconnecting 
the upper and lower panel structures and coacting to define 
forklift entry passages 58 to allow entry of a forklift 

15 truck from any side of the pallet. 

Each pillar structure 56 is also formed utilizing 
panel structures according to the invention. Specifically, 
each pillar structure 56 includes stacked upper and lower 
panel structures 59 and 60 with each upper and lower panel 

20 structure corresponding to the construction of the panel of 
Figure 1 but having reduced dimensions as compared to the 
upper and lower panel structures 52 and 54 so as to provide 
the prescribed nine spaced pillar structures defining 
forklift corridors 58 therebetween. As shown, the panel 

25 structures 59 and 60 constituting each pillar 56 may have 
a thickness corresponding to the upper panel structure 52 
and the lower panel structure 54 may have a thickness 
approximately 1/2 the thickness of the panel structures 52, 
59 and 60. 
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The main body portion 62a of the lower sheet 62 
of the upper panel structure 52 is fused to the main body 
portion 64a of the upper sheet 64 of the panel structure 
59; the main body portion 66a of the lower sheet 66 of 
5 panel structure 59 is fused to the main body portion 68a of 
the upper sheet 68 of the panel structure 60; and the main 
body portion 70a of the lower sheet 70 of the panel 
structure 60 is fused to the main body portion 72a of the 
upper sheet 72 of the panel structure 54 so that each set 
10 of intermediate panel structures 59 and 60 coact with 
selected portions of the upper and lower panel structures 
52 and 54 to form a rigid column interconnecting the upper 
and lower panel structures and so that the panel structures 
56 in combination coact to rigidly interconnect the upper 
15 and lower panel structures at nine spaced locations 
corresponding to the usual leg locations in a standard 
nine-legged pallet. In the finished pallet, lower panel 
structure 54 defines a base structure on which the pallet 
may rest, upper panel structure 52 defines a platform 
20 structure defining an upwardly facing load receiving 
surface 74, and the pallet may be selectively moved 
utilizing forklifts positioned in the passages 58. 

The pallet 76 shown in Figures 16-19 is also a 
double faced pallet utilizing the panel structure of the 
25 invention. Specifically, the pallet 76 of Figures 16-19 is 
formed of a twin sheet upper deck structure 78 and a twin 
sheet lower deck structure or base 80. Deck structures 78 
and 80 are identical and the pallet is formed by inverting 
lower deck structure 80 relative to upper deck structure 78 
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and fusing the decks together at their interfaces to form 
forklift passageways 82. Deck 78 is formed of upper and 
lower thermoformed plastic sheets 84 and 86. Sheets 84 and 
86 are formed over the majority of their surface areas 
5 (with the exception of the areas corresponding to the legs 
or columns of the pallet) in a manner to duplicate the 
structure of the panel of Figure 1 with the upper and lower 
sheets providing downwardly extending and upwardly 
extending intermeshing bosses to provide rigid columns 
10 extending the width of the pallet in the manner described 
with respect to the panel structure of Figure 1. As best 
seen in Figure 19, the columns formed by the intermeshing 
upwardly and downwardly extending bosses on the upper and 
lower sheets may be arranged to run from left to right of 
15 the pallet as viewed in Figure 16 except for border 
portions along the left and right borders of the pallet as 
viewed in Figure 16 where the columns may be arranged to 
run from bottom to top of the pallet. 

The upper and lower sheets 84 and 86 also provide 
20 downwardly and upwardly extending intermeshing bosses in 
the regions corresponding to the legs or columns of the 
pallet but the bosses in these regions are much larger than 
the bosses in the main deck region of the upper deck 
section 76. Specifically, upper sheet 84 is configured in 
25 each leg region to provide a plurality of large downwardly 
extending upwardly opening bosses 84a having side walls 
meshingly coacting with and fused to the side walls of 
large upwardly extending downwardly opening bosses 86a of 
the lower sheet 86. As best seen in Figure 19, the 
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intermeshing, fused together bosses in each leg or column 
section of the pallet are arranged in a rectangular 
configuration so that the upwardly and downwardly extending 
bosses coact to form a rectangular wall or column 
5 represented by the dash line 88 in Figure 19 with further 
bosses provided within the wall 88 to provide a linear 
column or wall 98 encircled by the rectangular column or 
wall 88. The wall 88 is solid along its outer peripheral 
sides 88a and 88b but, . as best seen in Figure 18, defines 
10 openings 92 between the bosses along the inner wall portion 
88c and 88d. Openings 92 do not extend completely through 
the wall portion 88c and 88d but rather simply open up in 
the interior of the associated upwardly extending boss 86a. 

As indicated, lower deck 80 is identical to upper 
15 deck 78 and comprises a twin sheet structure including a 
lower sheet 94 coacting with an upper sheet 96 to define 
the main body intermeshing boss panel structure of the deck 
with enlarged upwardly and downwardly extending bosses 94a 
and 96a provided in the leg or column regions of the pallet 
20 in the pattern shown in Figure 19 so that, as with the 
upper deck 78, each leg or column section of the lower deck 
defines a rectangular wall or column with a linear column 
positioned within the rectangular column and with openings 
98 in the downwardly extending bosses forming the inner 
25 walls of the rectangular column opening into the interior 
of the respective boss in the manner described with respect 
to the openings 92. The completed pallet defines a load 
receiving surface 100 at the upper face of the upper deck 



WO 94/14667 PCT/US93/12376 , 

2151735 

- 18 - 

and defines a flat lower surface 102 at the lower face of 
the lower deck to support the pallet. 

The panel structure 110 of Figures 20-25 is 
formed from a thermof ormed and selectively configured sheet 
5 14, a thermof ormed and selectively configured sheet 16, a 
flat cover sheet 112, and a flat lower base sheet 114. 

Sheets 14 and 16 correspond to sheets 14 and 16 
of the Figures 1-9 embodiment and, as best seen in Figures 
21/ 22, 23, and 24, fit together in complementary 
10 interdigitated fashion with the lower end 14e of each 
downwardly extending boss 14b fused to the upper face 16g 
of the main body portion 16a of sheet 16 at a location 
between a respective pair of upwardly extending bosses 16d; 
the upper end of each upwardly extending boss 16 f fused to 
15 the lower face 14g of the main body portion 14a of sheet 14 
between a respective pair of downwardly extending bosses 
14b; and the downwardly extending and upwardly extending 
bosses 14b/16b fused together at their complementary 
interfacing annular side walls 14d/16d to form a plurality 
20 of rigid column structures between the sheet 14 and the 
sheet 16 corresponding in arrangement and orientation to 
the boss rows 14f and 16f of the sheets 14 and 16. 

As with the Figures 1-9 embodiment, and as best 
seen in Figure 23, spaces or openings 28, running the 
25 entire width of the sheets, are formed between the rigid 
column structures 26. 

Flat upper cover sheet 112 is formed of the same 
plastic material as sheets 14 and 16 and is positioned over 
and fused to the upper face of the main body portion 14c of 
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sheet 14 in overlying relation to the openings in the upper 
face of sheet 14 provided by bosses 14b. Upper cover sheet 
112 is coextensive in length and width to sheets 14 and 16 
but preferably has a thickness that is significantly 
5 greater than the thickness of the sheets 14 and 16. For 
example, sheets 14 and 16 may have a nominal thickness of 
20 thousandths of an inch and cover sheet 112 may have a 
nominal thickness of 30 thousandths of an inch. 

Flat lower base sheet 114 is positioned under and 
10 fused to the lower face 16c of the main body portion 16a of 
sheet 16 in underlying relation to the openings in the 
lower face of sheet 16 provided by bosses 16b. Sheet 114 
is coextensive in length and width to sheets 14, 16 and 112 
and preferably has a thickness greater than the thickness 
15 of sheets 14 and 16 and generally corresponding to the 
thickness of upper cover sheet 112. 

Whereas the upper and lower bosses in the 
previously described embodiments are illustrated and 
described as arranged in rows with the bosses in the rows 
20 of sheet 14 offset with respect to the bosses in the rows 
of sheet 16 so that the downwardly extending bosses of the 
sheet 14 may fit interdigitally and complementarily between 
the bosses in the rows of the sheet 16 to form a plurality 
of rigid column structures between the sheets 14 and 16, 
25 the invention may also be carried out using other boss 
patterns in the sheets 14 and 16. 

one such alternate boss pattern is seen in Figure 
26 wherein the panel structure 115 includes a flat, upper 
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cover sheet 112, a flat lower base sheet 114, an upper 
intermediate sheet 116, and a lower intermediate sheet 118. 

Intermediate sheets 116 and 118 have bosses 116a 
and 118a arranged in corresponding, complementary patterns 

5 with spaces between the bosses; in each pattern so that the 
bosses of upper intermediate sheet 116 may fit 
interdigitally and complement arily with the bosses on the 
lower intermediate sheet. Specifically, the upper 
intermediate sheet 116 and lower intermediate sheet 118 

10 each have their bosses arranged in a hexagonal pattern with 
the hexagonal pattern of the downwardly extending bosses 
116a of the upper intermediate sheet rotated with respect 
to the hexagonal pattern of the upwardly extending bosses 
118a of the lower intermediate sheet by 45* so that the 

15 bosses 116a may fit interdigitally and complementarily 
between adjacent bosses 118a on the lower intermediate 
sheet and so that the annular side wall portions 116b of 
the bosses 116a may fuse with the annular side wall 
portions 118b of the bosses 118a with the lower ends 116c 

20 of the bosses 116a fused to the upper face of the main body 
portion of the lower sheet 118 and the upper ends 118c of 
the bosses 118a fused to the lower face of the upper 
intermediate sheet 116. As with the Figures 20-25 
embodiment, the flat upper and lower sheets 112 and 114 

25 preferably have a thickness greater than the thickness of 
the intermediate sheets 116 and 118. 

In the panel structure 120 of Figures 28-30, the 
upper intermediate sheet 122 has a plurality of rows of 
downwardly extending bosses 122a and the lower intermediate 
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sheet 124 has a plurality of rows of upwardly extending 
bosses 124a arranged in a pattern that is complementary 
with respect to the pattern of downwardly extending bosses 
122a* Specifically, the rows of bosses 124a are laterally 
5 offset with respect to the rows of bosses 122a and the 
bosses 124a in a given row of bosses 124a are 
longitudinally offset with respect to the bosses 122a in 
the adjacent row of bosses 122a so that, as best seen in 
Figure 30, each downwardly extending boss 122a is 

10 complementarily positioned between four upwardly extending 
bosses 124a. The longitudinal and lateral spacings of the 
rows and the dimensions of the bosses are chosen such that 
the annular side wall portion 122b of each downwardly 
extending boss 122a is fused to the annular side wall 

15 portion 124b of each upstanding boss 124a to form a rigid 
X configuration 126 centered on each downwardly extending 
boss 122b (or each upwardly extending boss 124a) with the 
lower ends 122c of the downwardly extending bosses 122a 
fused to the upper face of the main body portion 124c of 

20 the lower intermediate sheet 124 and the upper ends 124d of 
the upwardly extending bosses 124a fused to the lower face 
of the main body portion 122a of the upper intermediate 
sheet 122. 

The invention will be see to provide a panel 
25 structure that is lightweight, strong, durable and 
maintenance-free , that provides all-weather performance , 
and that is relatively inexpensive. The invention panel 
structure is thereby ideally suited for a myriad of 
construction and fabricating applications. 



WO 94/14667 PCT/US93/12376 1 



- 22 - 



More specifically, pallets constructed in 
accordance with the invention have been found to have 
superior structural strength as compared to prior art twin 
sheet pallets and even as compared to applicant's improved 
5 prior art twin sheet pallet ;shown in United States Patent 
No. 4,879,956. Specifically, as compared to prior art twin 
sheet pallets, the invention design enables the invention 
pallet to be constructed utilizing significantly less 
plastic material than the prior art twin sheet designs 
10 while providing the same structural strength. Since the 
plastic material constitutes a significant part of the cost 
of a twin sheet pallet, a significant reduction in the 
amount of material required to meet any particular 
structural requirement enables the entire pallet to be 
15 manufactured at a cost significantly less than pallets of 
the described prior art twin sheet design. 

With specific reference to the panel structures 
112, 115, and 120 shown in Figures 20-30, forming the upper 
and lower portions of the panel structure from sheets that 
20 are separate from the sheets forming the intermediate 
portion of the panel structure allows the thickness of the 
upper and lower sheets to be determined independently of 
the thickness of the sheets forming the intermediate 
portion so that, for example, and as disclosed, the upper 
25 and lower sheets may have a greater thickness than the 
thickness of the sheets forming the intermediate portion 
with the thicknesses of the individual sheets, in any 
event, chosen independently of each other and with a view 
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to providing a final desired panel structure thickness, 
weight, strength, and cost. 

whereas the particular plastic material utilized 
to form the invention pallet is not critical, it has been 

5 found that excellent results may be obtained by the use of 
a high density polyethylene having a density of 
approximately 0.950 grams per cubic centimeter. 

Whereas preferred embodiments of the invention 
have been illustrated and described in detail, it will be 

10 apparent that various changes may be made in the disclosed 
embodiments without departing from the scope or spirit of 
the invention. For example, although the bosses have been 
illustrated and described as having a circular cross- 
sectional configuration, other cross sectional 

15 configurations such as, but not limited to, rectangular or 
oval configurations, may be employed and the term annular 
as used in the claims to describe the side walls of the 
bosses will be understood to include any closed loop cross- 
sectional configuration. Further, although the alternate 

20 boss patterns of Figures 26-30 are illustrated in 
association with panel structures including flat upper and 
lower sheets and thermoformed intermediate sheets, it will 
be apparent that the alternate boss patterns of Figures 26- 
30 may also be employed in association with any of the 

25 panel and pallet structures of Figures 1-25. 
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Claims 

1. A twin sheet panel structure comprising a. 
first plastic sheet including a planar main body portion 
having inner and outer surfaces and a second plastic sheet 
positioned in parallel spaced relation to said first 
plastic sheet and including a main body portion haying 
inner and outer surfaces, the first sheet further including 
a plurality of spaced hollow bosses opening in the outer 
surface of the first sheet main body portion and including 
annular side wall portions extending inwardly from said 
first sheet main body portion and terminating in inner wall 
portions, the second plastic sheet further including a 
plurality of spaced hollow bosses opening in the outer 
surface of the second sheet main body portion and including 
annular wall portions extending inwardly from said second 
sheet main body portion and terminating in inner wall 
portions, characterized in that the annular side wall 
portions of some of said first sheet bosses are fused to 
the annular side wall portions of some of said second sheet 
bosses. 

2. A panel structure according to claim 1 wherein at 
least some of said inwardly extending bosses on said first 
sheet are positioned in spaces between adjacent inwardly 
extending bosses on said second sheet. 
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3 . A panel structure according to claim 1 wherein 
the fused together first sheet bosses and second sheet 
bosses are arranged in .parallel rows with each row 
including alternate first sheet bosses and second sheet 

5 bosses. 

> 

4. A panel structure according to claim 1 wherein the 
annular side wall portions of said first and second sheet 
bosses taper inwardly in complementary fashion so as to 
define angled interfaces therebetween and said side wall 

10 portions are fused together at their angled interfaces. 

5. A panel structure according to claim 1 wherein the 
inner wall portions of said first sheet bosses are fused in 
spaced relation to the inner surface of the main body 
portion of said second sheet and the inner wall portions of 

15 said second sheet bosses are fused in spaced relation to 
the inner surface of the main body portion of said first 
sheet. 

6. A panel structure according to claim 1 wherein: 
20 the inwardly extending bosses of the first sheet are 

arranged in hexagonal patterns and the inwardly extending 
bosses of the second sheet are arranged in hexagonal 
patterns that are complementary to the hexagonal patterns 
of the inwardly extending bosses of the first sheet and the 
25 bosses of a given hexagonal boss pattern of the first sheet 
fit interdigitally with respect to the bosses of a 
corresponding hexagonal boss pattern of the second sheet. 

AMFWnPn oucct 



IPEAftiS 13 JUL 1994" 



- 26 - 



7. A panel structure according to claim 1 wherein: 
the bosses are arranged in parallel rows; and 
the boss rows of the first sheet are offset laterally 
and longitudinally with respect to the boss rows of the 
second sheet so that each boss extending in a given 
direction may be positioned between four bosses extending 
in the opposite direction. 

8. A panel structure according to any of claims 1-7 
wherein the panel structure defines the platform structure 
of a pallet and the pallet further includes a plurality of 
spaced legs extending downwardly from said platform 
structure. 

9. A panel structure according to claim 8 wherein the 
legs are defined by further coaction of the first and 
second sheets- 

10. A panel structure according to claim 8 wherein 
the legs are formed of stacked leg panel structures with 
each leg panel structure formed of upper and lower sheets 
respectively defining upwardly and downwardly extending 
hollow bosses arranged in intermeshing fashion with annular 
side wall portions of some of the upwardly extending bosses 
fused to annular side wall portions of some of the 
downwardly extending bosses. 
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11. A method of forming a twin sheet plastic panel 
structure wherein a first plastic sheet is formed to 
include a generally planar main body portion having inner 
and outer surfaces and a plurality of spaced hollow bosses 
5 opening in the outer surface of the main body portion and 
including annular side wall portions extending inwardly 
from the main body portion and terminating in inner wall 
portions; and a second plastic sheet is formed to include 
a generally planar main body portion having inner and outer 
10 surfaces and a plurality of spaced hollow bosses opening in 
the outer surface of the second sheet main body portion and 
including annular side wall portions extending inwardly 
from the second sheet main body portion and terminating in 
inner wall portions; characterized in that 
15 with said sheets in a heated, flowable state, the 

sheets are brought together to fuse side wall portions of 
said first sheet bosses to side wall portions of said 
second sheet bosses. 

12. A method according to claim 11 wherein the step 
20 of bringing the sheets together further includes fusing 
inner wall portions of said first sheet bosses to the inner 
surface of said second sheet main body portion at locations 
between adjacent second sheet bosses and fuse inner wall 
portions of said second sheet bosses to the inner surface 
25 of said first sheet main body portion at locations between 
adjacent second sheet bosses. 
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13. A method, according to claim 11 wherein the bosses 
of said first and second sheets are arranged in generally 
parallel laterally extending rows with the bosses in each 
row laterally spaced from each other and said step of 
5 bringing said sheets together includes positioning the 
bosses in a row of said first sheet in interdigital 
relation with respect to the bosses in a corresponding row 
of the second sheet so that said panel structure includes 
bosses arranged in parallel rows with each row including 
10 alternate first sheet bosses and second sheet bosses. 

t 

14. A method according to any of claims 11-13 wherein 
the panel structure defines the platform structure of a 
pallet and wherein the method includes the further step of 
forming said first and second sheets so that, when brought 
15 together, they further coact to define a plurality of 
spaced legs extending downwardly from the platform 
structure to' position the platform structure in upwardly 
spaced relation to a support surface on which the legs are 
positioned. 
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